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[57] ABSTRACT 
The disaccharide /J-D-Gal (l-> >3)-D-GalNAc, 
which specifically binds with peanut agglutinin (PNA) 
or oxidized by galactose oxidase, has been discovered in 
the colorectal mucus of patients with cancer or precan- 
cer. Because of the presence of y3-D-Gal-(l> >3)-D- 
GalNAc also on neuraminidase treated erythrocytes of 
the ABO type, their competitive binding with PNA has 
been exploited to develop a hemagglutination inhibition 
assay. Additional methods of simple detection of this 
disaccharide include a latex agglutination test, enzyme- 
avidin-biotinylated PNA, and a galactose oxidase strip 
test. This rapid, simple and inexpensive assay is de- 
signed to test the presence of i3-D-Gal-(l> >3)-D-Gal- 
NAc in large intestine mucus obtained by routine digi- 
tal-rectal examination and has the potential for screen- 
ing populations for large intestinal carcinomas. 

16 Oaims, 2 Drawing Sheets 



U.S. Patent Aug.l5,1989 sheet l of 3 4^^51^451 




U.S- Patent Aug. 15, 1989 sheet 2 of 3 4,857,457 




Normal mucus without 
^-O-Gol (l-*>3)-D^Gal NAc 



T antigen exposed 
erythrocytes ore agglutinated 




Mucus with 
)3-D-Gol (1— 3)-D-Gal NAc 
binds peanut agglutinin 



oo Q 
oo o o 
o oo 

'T' antigen exposed erythro- 
cytes ore not agglutinated 



FIG. 2 



U.S. Patent Aug.i5,i9S9 sheeOofs 4,857,457 



■ XXX ■ 

Bind PNA to microtiter wells 



Add test mucus 
to wells 



.XXX. I ■ xx^, 



Add biotinylated PNA y\Enz 
enzyme-Avidin D conjugate 



enzyme-Avidir 

I 

t X X X ^ wash 

1 

Add Substrate 

1 

Measure 

r X X X ; Product 

FIG. 3 




4,857,457 

2 

'While T-antigen has been reported to be associated 
with a number of different types of cancer tissue, it has 
not heretofore been reported to be present in extracellu- 
lar body fluids which have accordingly not been em- 
DESCRIPTION OF THE INVENTION " ' 

1. Technical Field of the Invention 
This invention relates to a screening test for large DISCLOSURE OF THE INVENTION 

t'^^V^^XfT^W^int^" Accordingly, it is a general object of the present 
S^I^S: ^ ^ ^ 10 invention to provide a diagnostic te^ for large mtestinal 

mucus. cancer . that does not suffer from the above-indicated 



2. Background Art 



deficiencies of the prior art. 



Another object of the present invention is to provide 



Cancer of the colon, cecum, and rectum Oarge intesti- 

^^^!^t,^^J^t^i^^!^Z^f^^!^S » diagnostic t^t for large intestinal cancer which does 
m^*SrSL'^*:S*T'S%^^^^ Z.tt^^tr^'''''' ''"^"^^ 
mostcommon m fenute m the Umtai States, witii a further object of the present invention is to provide 
138,000 new^cases and 60.000 related deaths m 1985. ^ diagnostic t4 for large intestmal cancer wWch de- 
Colon OT rectal cancer eventuaUy devdo^ m approa- \ biochemical chLige directly associated with 
matdy 6% of the U.S. popidation. and it has be<»i esti- ^ , ^^^^^j^^ ^^^^^ 

Aat some sixmilhon Amencans who are ahve m ^ additional object of the present invention is to 

1986 will die of It. Because there is currently no effec- ^^^^^ ^^^j, ^ ^^^j, ^^^^^ j intestinal 

tive method for treating large intestinal cancer, the j„ ^ ^or to development of a 

American Cancer Society's (ACS) guidehnes recom- . . .. 



bleeding tumor. 



mend large intestinal cancer screening, an opinion 25 ^ more particular object of the present invention is to 
which IS also supported by others at the National Can- provide a kit by means of which such a test can be 
cer Institute (NCI). . , , . conducted outside of a hospital or medical laboratory 

Based on the observation that large tumors are associ- setting- 
ated with bleeding, the fecal occult blood test is the Upoiistudy of the specification and appended clahns, 
current empirical screenmg test for cancer of the large jq ftmher objects, features and advantages of the present 
intestine. The indirect nature of this test, which detects invention wiU become more fliUy apparent to those 
bleedmg rather than cancer or other physiological skilled in the art to which this mvention pertains, 
changes which are more closely related to cancer, gives 
it an inherent inaccuracy because not all tumors bleed, 
nor are all bleedings due to cancer. Cancers that are 35 
large enough to bleed are more than likely to be ad- Briefly, the above and other objects, features and 
vanced, so that the fecal occult blood test is not well advantages of the present invention are attained in one 
suited for early cancer detection. Furthermore, not aspect thereof by providing a method for detecting the 
every maUgnant change in the large intestinal will be presence of precancer or cancer in the large intestine, 
bleeding at the time the test is appUed, nor will such 40 -v^luch comprises obtaining a sample of rectal mucus; 
bleedmg necessarily be detected in the stool, especially assaying said sample to quantitatively detect the pres- 
if the site of bleeding is in the proximal segments of the enceof thedisaccharide^-D-Gal-(l-> >3)-D-GalNAc 
colon. therein; and diagnosing the presence and degree of 

The fecal occult blood test gives very high false nega- precancer or cancer based upon the amount of said 
tives and false positive results. Indeed, a recently com- 45 disaccharide detected m the mucus. In a simple embodi- 
pleted mass screening test involving 45,668 people re- nient, the assay may be performed by use of a hemag- 
ported by Winchester etal. (1983, CA 33:333-343) dem- glutination inhibition test, preferably by reacting the 
onstrated that a mere 4.3% were positive. A false posi- mucus with a precise amount of peanut agglutinin or 
tive fecal occult blood test can easily occur, inter alia, other specific binding moiety for the disaccharide and 
because of ingestion of certain foods and drugs. so then detecting the presence of unbound moiety. The 

The disaccharide j8-D-Gal-(l->>3>-D-GaINAc, reactant moiety can be hnmobilized onto a water- 
also known as T-antigen, has been recently demon- insoluble support, such as a membrane filter (e.g., un- 
strated to be expressed in the malignant and premalig- mobilizing rectal mucus on a protein-capturing mem- 
nant colonic epithelia m humans and m experimental brane filter) or solid beads of latex, plastic, glass, etc. In 
animals but absent m the normal epithelia. Peanut (4ra- ss order to uicrease the sensitivity of the method, the reac- 
cMs hypoffiea) agglutihux (PNA) has specificity for T- tant moiety can first be biotmylated in a conventional 
antigen. Following neuraminidase treatment, erythro- manner. The complex can be detected by any of various 
cytes of the human ABO type are agglutinated by PNA suitable techniques, either directly or indirectly, e.g. 
due to binding with cell surface T-antigen. At stoichio- immunologically, enzymatically, oxidation-reductively, 
metric concentrations, PNA barely causes the red blood 60 etc. Presently preferred is the formation of a complex 
cells to agglutinate and fails to do so if a solution con- with avidin conjugated to a suitable marker, e.g. fuchsin 
taining the T-antigen is added to the system, leading to or other dyes, radioactive labelling, fluorescent dyes 
agglutination inhibition. such as fluorescein isothiocyanate or Rhodamine B, 

Assays for enzymatic activity in colonic biopsy mate- luminescent dyes such as iuciferol, luminol, biotin, etc. 
rial are invasive, have a high cost, and entail the use of 65 The presence of the disaccharide is readily detected 
complicated procedures in a well equipped central labo- by agglomeration of sensitized beads which have been 
ratory, which make these assays unsuited as screening coated with PNA, e.g. glass, agarose, polystyrene, la- 
tests, tex, etc. A preferred method for detecting the presence 
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of the complex is by selectively oxidizing the sugar optimized by using serial dilutions of PNA and a fixed 

moiety of the disaccharide, e.g. with galactose oxidase, volume of T-antigen activated erythrocytes, since PNA 

and detecting the presence of the oxidized sugar has only a limited binding capacity for T-antigen. It was 

therem. determined that a PNA concentration of 2.5 micro g 

Absorption of the mucus sample onto a protein — cap- 5 /ml barely causes hemagglutination of 50 micro 1 T- 

turing membrane filtering material has numerous ad- antigen activated erythrocytes recognizable after 1 

vantages. For one thing, these samples appear to be hour of incubation which is inhibited by the trace 

quite stable and can be assayed days or weeks after amount of disaccharide present in the mucus of cancer 

bemg stored at or below room temperature without any and precancer patients. 

significant deviation in results. In a preferred embodi- 10 FIG. 2 is a schematic representation of the principle 
ment of the invention, akit is provided which comprises of this assay. Upper panel: normal mucus glycoprotein 
separate containers of galactose oxidase, a protein-cap- (strands) not having recognizable ;3-D-Gal-(l->>3)- 
. turing membrane filter, basic fiichsin, and optionally D-GalNAc fails to bind with PNA which in turn binds 
deionized distilled water. Preferably the galactose oxi- with T-antigen on activated Mythrocytes causing ag- 
dase is in lyophilized form, especially when impreg- 15 glutination. L<ower panel shows cancer-associated 
nated onto a porous support such as filter paper, which mucus glycoprotem containing /J-:D-Gal(l->>3)-D- 
can then be wetted and contacted dkectly with the GalNAc which readily binds with PNA. At optimal 
rectal mucus sample on the membrane filter, then visu- PNA concentration, all binding sites will be blocked by 
alized by staining with fiichsin. the available disaccharide and therefore none will be 
. , , ^ „,^T^c 20 available for bindmg with T-antigen on the erythro- 

BREEF DESCRIPTION OF THE DRAWINGS ^y^^^ j,enoe aggluti^tion will be hihibited. 

Referring to the annexed drawings, like or corre- A pilot study using mucus obtained during digital 

sponding reference characters refer to like or corre- rectal examination from 25 individuals showed an inhi- 

spending pacts in the several figures, wherein: bition of agglutination in six patients with cancer and 

FIG. 1 is a phbtogiaph of a microtitration plate in 2S polyps and five with no obvious polyps or cancer. The 

which hemagglutination test is performed by mixing. remammg 14 patients (ages S4-89) were known to be 

PNA, mucus, and T-antigen activated erythrocytes; fiee of any large intestinal cancer and showed no mhibi- 

FIG. 2 is a schematic representation of the principle idon of agglutination (Table I). One patient (age 89) with 

of the large intestmal cancer assay of this inventioi^ diverticula^ was negative, mdicating that diverticulo- 

FIO. 3 is a schematic representation of the bir 30 sis and/or old age per se do not necessarily cause an 

otinylatedPNA-Avidm enzyme assay of this mvention. agglutinatin inhibition reaction. 

> . In addition to cancer, this test has the power to detect 

DETAILED DESCRIPTION other diseases of the colon including those that carry a 

This large intestmal cancer assay test detects a spe- high risk of cancer such as fistula, ureterosigmoidos- 

cific biochemical diange in large intestinal mucus asso- 3S tomy, Crohn's disease, and ulcerative colitis. Virtually 

ciated with cancer of the large mtestine. The present no false negativity and a low (26%) false positive reac- 

inventors have discovered that the disaccharide fi-D- tion renders this assay more suitable than the fecal oc- 

Gal-(lT> >b3)-D-GalNAc, also known as T-antigen, is cult blood t«t for population screenmg.. 

absent in the large mtestinal mucus of normal mdividu- Other properties, such as immobilization of PNA 

als but present in patients Vioth large intestinal cancer 40 onto a water-inspluble support, and oxidation of the 

and precancer. The inventors then developed various sugar moiety and detection of the oxidized product by 

techniques for the detection of this sugar moiety in a dyes, radio-chemicals, etc. can be exploited to develop 

rapid, simple and inexpensive manner. These newly additional assays. 

developed techniques were then tested to screen mdir Avidin, a glycoprotein (67,000 MW) has an extraordi- 
viduals for largfe intestinal diseases including cancer. 45 narily high affinity for the vitamm biotin. Inasmuch as 
The lectin, peanut agglutinin (PNA) specifically biotin molecules can be coupled to various proteins 
binds with T-antigen and causes agglutination ofT-anti- (biotinylation), avidin can be conjugated with various 
gen activated RBC. Exploiting these characteristics of markers such as enzymes, dyes, heavy metals, radioac- 
PNA, initially a simple inhibition assay has been devel- tive isotopes, etc. Avidin has four binding sites for bio- 
oped wherein T-antigen in large intestinal mucus will 50 tin, and many biotin molecules can be incorporated on a 
bind with PNA and, therefore, PNA will not react with given protem. The present inventors have exploited this 
RBC and the red cells will accordingly not agglutinate. amplification principle to detect minute amounts (i.e. 

This test is very simple and can be performed rapidly. ng/ml or even pg/ml) of the marker disaccharide P-D- 
Using niicrotiter; plates, a large number of samples can Gal-(l-> >3)-D-GalNAc in mucus glycoproteins ob- 
be screened in a short time. The galactose oxidase test 55 tained during digital rectal examination. An assay was 
can be done convenientiy on a strip of membrane filter. developed according to the following rationale: Mucus 
Unlike the empirical fecal occult blood test which has glycoprotein containing the specific disaccharide will 
very high false positive and false negative values, this avidly bind to the PNA immobilized on a solid phase. A 
test is based on specific biochemical abnormality of matrix formed by biotinylated PNA and enzyme-avidin 
large intestinal mucus which the inventors have found 60 D conjugate will bind to residual disaccharides on the 
to be associated with cancer and precancer. immobilized glycoprotein PNA, while a suitable sub- 
Mucus was obtained from patients with large intesti- strate will amplify the reaction, 
nal cancer and healthy subjects free of large intestinal Without further elaboration, it is believed that one 
cancer during routine digital rectal examination. The skilled in the art can, using the preceding description, 
mucus on the gloved finger was mixed with phosphate 65 utilize the present invention to its fullest extent. The 
buffered saline (PBS). A hemagglutination test was following preferred specific embodiments are, there- 
performed by mixing PNA, mucus and T-antigen acti- fore, to be construed as merely illustrative and not limi- 
vated erythrocytes (FIG. 1). The assay conditions were tative of the remainder of the disclosure in any way 
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whatsoever. In the following Examples, the tempera- positives (26% vs. about 95%) were found than in the 

tures are set forth uncorrected in degrees Celsius unless conventional fecal occult blood test: 

otherwise indicated, all parts and percentages are by TABLE 1 

5 Summary of Hemagglutination Inhibition Assay Results* 

EXAMPLE 1 # of Cases 

Hemagglutination Inhibition Test ^ Agglutination Total 

nEiuossxuuiuiuuu uuuuiuuu isoi. Method Diagnosis Inhibition Cases % PosiUve 

This technique uses PNA-T activated RBCs agglutin- 
ation inhlUtion assay to test for the presence of this 
aalic add free terminal sugar residue, utilizing the spe- ^ 
dfic affinity of PNA to bind to the terminal galactose 
residue and more preferentially (by an affinity several 

orders of magnitude greater) to the temunal dimer /3-D- rf, « not cniicntiy diagnosed to . . "-~ 

Oal-(l->>3)-D-GalNAc as the bmdhlg of this lectin exacta test tor tectalwiieir cases wMsigIlIfii^"rt"^="oISS(twrtt^^ 

requires a free hydroxy! group at C-2. Mucus was ob- 
tained during digital rectal examination by inserting the 

saline lubricated gloved index finger of the physician. EXAMPLE 2 

The finger containing the mucus was then dipped in a Latex Agglutination Test 

specunen bottle containmg 500 micro 1 phosphate buff- ,nr> ■ i u j j u j /• « o j- 
e^ saline PBS pH 7.2. The finger was rinsed thor- 20 500 micro 1 of suspended latex b^^^^ 

oughly in the PBS to aUow maxii^mn extraction of the f^^!^?^ ^"^^ centnfuged at 

mucus from the glove. Hemagglutination was per- ^.OOO KPM for 15 seconds and the supernatant was 

formed by using PNA (Vector Laboratories Ina, Bur- decanted. 500 miwo g of peanut agglutinin (Vector 

lingame, CA 94010) and T-antigen activated human Laboratories Ltd., Burlmgame, Calif.) was dissolved to 

erythrocytes. Stock PNA solution was made by dis- 25 500 micro 1 of carbonate buffer (pH 9.6) and added to 

solving lyophylized PNA in PBS to a concentration of the peUet of latex beads. The pellet was resuspended 

40 micro g/ml. Serial twofold dilutions up to 78 ng/ml and mcubated at 25' C for 2 hours with occasional mild 

were made for the assay. Activation of T-antigen on shakmg to resuspend the beads and aUow a more uni- 

human erythrocytes was performed by washing out- form bindmg. After mcubation, the sample was centri- 

dated human Group O blood three times with equal 30 fiiged at 3,000 RPM for IS secondsi the supernatant 

volumes of PBS, centrifugating at 3,000 RPM for 5 decanted, and the pellet resuspended in PBS (pH 7.4). 

minutes and removing of the supernatant. An equal Any unbound PNA was washed off by repeating the 

volmne of 10% euraminidase (FiMo cAo/era neuramini- previous step three times. The final pellet was sus- 

dase, Behring Diagnostics, La Jolla, CA 92037 USA) pended and diluted 1:10 in PBS. 

was added to the packed, washed erythrocytes and 35 For testing the mucus sample collected during digital 

incubated at 37° C. for 30 minutes. The erythrocytes rectal examination, 10 micro 1 of mucus in PBS was 

were washed again three times and were either used for added to an equal amount of the latex beads and placed 

experiments or stored at 4° C. in an equal volume of on a glass slide. After five minutes of incubation at 25° 

Alsiever's solution for future experiments. c., the slide was read. An agglutmation of beads indi- 

Control inhibition of agglutination was performed by 40 eating presence of the disaccharide )3-D-Gal-(l-> >3)- 

using 0.6M D(+)Galactose (Sigma Chemical Com- D-GalNAc was read as positive for cancer, whereas no 

pany, St. Louis, MO 63178). Nmety-six well polyvinyl agglutmation after 5 minutes indicated absence of the 

microtiter plates (Dynatech, VA) were used, m which disaccharide and hence cancer free status, 
each horizontal row of wells was filled with 50 micro 1 

of serial dilutions of PNA solutions, beginning from left 45 EXAMPLE 3 

78 ng/ml) to right (40 micro g/ml). The weUs in the test Galactose Oxidase Strip Test 

row were given 50 micro 1 of mucus solution followed , , 

by incubation at room temperature for 60 mmutes to TWs technique uses the abihty of galactose oxidase to 

allow for interaction between PNA and the mucus. 50 oxidize the C-6 hydroxyl group of both galactose and 

micro 1 of the T-antigen activated erythrocytes were 50 N-acetyl gahictosamme residues in a complex carbohy- 

then added to each well and mcubated at room tempera- drate to D-Galactohexodialdose, then testing for the 

ture for 1 hour. presence of this oxidized product by basic fuchsin rea- 

A typical microtiter plate showing the results of this gent, 

hemagglutination inhibition assay is shown in FIG. 1. Mucus samples were obtained by digital examination 

The top row shows control hemagglutination inhibition 55 with the gloved index finger lubricated with normal 

with serial double concentration of PNA from left (78 saline. The mucus on thfe examining finger was smeared 

ng/ml) to right (40 micro g ml). Well No. 1 contains no on the scored side of a piece of membrane filter and 

galactose and therefore acts as a positive control for sandwiched in waxed paper supplied with Metricel 

agglutination. Hemagglutination is inhibited in wells membrane filter 0.45 micro m , (Gelman Sciences, Inc., 

No. 3 (2.5 micro g PNA/ml) through 8 (40 micro g /ml) 60 Ann Arbor, Mich. 48106). The specimens were left to 

as indicated by doughnut shaped appearance. Wells 9 dry for 2 hours at room temperature then saturated with 

through 12 show agglutination of erythrocytes. The 100 U/ml galactose oxidase Type V, (Sigma Chemicals 

bottom row shows a test mucus sample that has inhib- Co., St. Louis, Mo. 63178) in 0. IM potassium phosphate 

ited hemagglutination in all wells (No. 3 through 12). buffer pH 7.0 and kept in a moist atmosphere at room 

Well No. 1 is a control hemagglutination inhibition as 65 temperature for 2 hours. The membrane filters were 

performed by the addition of 0.6M D(+)galactose. washed in deionized distilled water for 1 min., and 

The results are shown below in Table 1, from which placed in SchifPs reagent for 15 min., then placed in 

it can be seen that no false negatives and far fewer false running tap water for 10 min. Galactose oxidase 100 
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U/ml was lyophyllized on a cellulose, filter prior to the low fidse positive reactions in addition to detecting 
test which was saturated with deionized distilled water premalignant coiidhions and lesions. The simplicity and 
just before the test and placed under the membrane low cost of the tests as well as the ability to store its 
filter (unscored side) and wrapped tightly in a small components, including thes^ecimens, open the door for 
Parafilm sheet. A color index reference chart was estab- 5 its use as a practical screemng test for large intestinal 
lished, on which 1 was considered negative 2, 3 and 4 cancer and other diseases of colon and rectum, 
were considered faint staining and S was considered What is claimed is: 

positive, as 5 displayed the most intense pink coloration. i. a method for detecting the presence of precancer 

The results are shown below in Table 2, from which or cancer of the laige intestine, which comprises: 
it can be seen that no false negatives and &r fewer false 10 (a) obtauung a sample of large mtestuial mucus from 
positives (25% vs. about 95%) were fbund than in the the rectum of a patient; 

conventional f^cal occult Hdod test: (b) assaying said sample to detect the disaccharide 

TABLE 2 marker beta-D-Gal(l->3)-D-aalNAc thereui; and, 

S,„^ of Gaiacosc Oxidase Assay Refute (O diapiosing precancer or oancer of the large into- 

' of Cases With tine based upon the presence of the disacohande 

Galactose Oxidase Total % detected in the mucus. 

Method Diagnosis Activity Cases Positive 2. A process according to claim 1 wherein the disac- 

Recial Smear Cancer & 10 10 100% charide is detected immunochemically. 

from patients Polyps 4 16 25% 3. A process according to claim 1 wherein the dis- 

NoHKancer ■ ^ 20 gcharide is detected quantitatively. 

4. A process according to claim 3 wherein the disac- 
charide is detected by reaction with peanut agglutinin 
EXAMPLE 4 which is inmiobilized onto a water-insoluble support to 

Biotinylated Peanut Agglutinin Avidin<Enzyme Assay form a complex of said disaccharide and the peanut 



PNA was dissolved in carbonate buffer (pH 9) to a -= «,^m«« t« a ti,« r«™ 

final concentration of 100 ng/ml was used to coat the *• A P^^**?^^ *° ^ iSX^^^^i 
microtiter wells. 10 ng PNA m 100 micro 1 bnffisr were Viex m assayed by reaction with biotmylated peanut 
placed m each weU and mdubated at 37* C for 2 hours. agglutrnm. . _ 

The wells were then washed off with phosphate buff- 30 , ^ ^^^JT'^^f 1"^"^' 
ered saUne (PBS) pH 7.4, after which 100 mi«So 1 of test P»««. «» d«ected,by r^cting it with avidm which is 
mucus (dissolved in PBS) was added to microtiter weHs conjugate^ with a narker. . 
and the mixture incubated at 37' C. for 1 hour. The 7. A process accordmg to claim 1 wherem the assay is 
wells wete then washed three times with PBS to re- ?^^^ °^ ^SS^"*" agglutmatipn 

move 100 microl of unboundmucus. Biotmylated PNA 35 niMwtion test , . „ ^ . ^. 

(1 micro g /ml) was incubated for an additional hour at «• A process accordmg to clann 7 wherem the disac- 
37° G. in order to bind with residual /3-D-Gal-(l-> >3)- chande is detected by reactmg the mucus with an ap- 
D-GalNAc (if any). The wells were washed three times proximately stoichiometric amount of peanut aggluti- 
with PBS to wash off unbound biotmylated PNA. Avi- . u • 1. j- 

dm-D-alkaline phosphates (Vector Corporation, Burlin- 40 ^ process accordmg to claim 1 wherem the disac- 
game, Calif.) was then added (100 ul/well, 1:50 dilution) chande is detected by agglomeration of sensitized 
to the wells and incubated for 1 hour at 37* C. Follow- beads. 

ing 2 washes with PBS and 3 washes with bicarbonate A process accordmg to claun 1 wherem the sugar, 

buffer (pH 9.8), the substrate alpha-p-nitrophenyl phos- moiety of the disaccharide marker is oxidized and the 
phate (1 mg/ml) was added to the wells (100 ul/well). 45 oxidized sugar moiety is determmed. 
Optical absorbance at 405 nm was read after 30 minutes H- A process accordmg to claun 10, vyrherem galac- 
mcubation at 37° C. Mucus from known cancer patients tos* oxidase is used to oxidize the sugar moiety m the 
Were positive while non-cancer patients were negative. mucus. 

The preceding examples can be repeated with similar 12. A process according to claim 1 wherein the 
success by substituting the genericaUy or specifically 50 mucus is absorbed onto a water-insoluble substrate, 
described reactants and/or operating conditions of this 13. A process according to claim 12, wherein the 
invention for those specifically used in the examples. water-insoluble substrate is a protein-capturing mem- 
From the foregoing description, one skilled in the art to brane filter. 

which this invention pertains can easily ascertain the 14. A process according to claim 1, wherein the 
essential characteristics thereof and, without departing 55 mucus is preserved at room temperature for at least 
from the spirit and scope of the present invention, can several days prior to assaying the sample, 
make various changes and modifications to adapt it to 15. A diagnostic kit for detecting the presence of 
various usages and conditions. precancer or cancer of the large intestine according to 

, . . the process of claim 1, which comprises a container 

Industrial Apphcabdity ^ comprising separately package galactose oxidase, a 

As can be seen from the present specification and water-insoluble support capable of absorbing said large 
examples, the present invention is industrially useful in intestinal mucus, and basic fuchsin. 
providing easy, simple and inexpensive technique for 16. A diagnostic kit according to claim 15, wherein 
detection of specific changes accompanying large intes- the basic fuchsin is package as Schiff s reagent, 
tinal cancer with essentially no false negative and very 65 • * • • * 
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(57) ABSTRACT 

The invention relates to a composition, solution, and method 
for delivering desired substances into the cytosol of living 
eucaryotic cells. The composition includes a poly(ethylene 
glycol) component having a designated molecular weight in 
the range between about 300 and about 900 daltons, and a 
carbohydrate component which is membrane impermeable 
and water soluble. The osmotic dehvery solution delivers 
reporter-tagged molecules and complexes, drugs, antisense 
and antigene oligos, RNAs, DNAs, peptides, proteins, 
carbohydrates, and the like into cultured cells using an 
improved osmotic delivery method. The method may also be 
used for extracorporal therapy. In a particularly preferred 
embodiment of extracorporal therapy, the desired substance 
delivered into the cytosol of the cells is a Morpholino 
antisense oligo. 
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Figure 1 

Postulated PEG insertion complex in lipid bilayer 
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Figure 2 

MALDI-TOF Mass Spectrum of PEG-1000 




800 MALOI-TOF Mass 



U.S. Patent May 8, 2001 sheet 3 of 8 US 6,228,392 Bl 



Figure 3 

Delivery as function of PEG size 
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Figure 5 



Delivery as function of PEG concentration 
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Figure 6 

Delivery as function of carbohydrate concentration 
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Figure 7 
Delivery as function of exposure time 



200-1 L 




0-1 , r 1 1 r- 

0 5 10 15 20 25 

Time (minutes) 



U.S. Patent May 8, 2001 sheet 8 of 8 



US 6,228,392 Bl 



Figure 8 

Delivery as function of volumes of solution 
added in step 2 of Osmotic Delivery Method 



120-j L 




0-1 1 1 — — _ — I 1 r- 

0 2 4 6 8 10 

Volumes of Cell Culture Medium 
per volume of Osmotic Delivery Solution 



us 6,228,392 Bl 



OSMOnC DELIVERY COMPOSITION, 
SOLUTION, AND METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a composition and 
solution, as well as use of such composition and solution for 
delivering substances into the cytosol of Kving eucaryotic 
cells. 

REFERENCES 

BioProbes 28:13. May 1998, Pub. by Molecular Probes, 

Inc., Eugene, Oreg. 
Chakrabarti et ill., Journal of Biol. Chem. 264:8214 (1989). 
Lee et al.. Cytometry 14:265 (1993). 
McEUigott & Dice, Bioscience Reports 4:451 (1984). 
Okada & Rechsteiner, Cell 29:33 (1982). 
Rechsteiner, Methods in Enzymology 149:42 (1987). 

2. Background and Prior Art 

In the course of biological research and certain medical 
procedures it is desirable to introduce a variety of substances 
into the cytosol of living eucaryotic cells. However, most 
hydrophilic substances, including many drugs, antisense and 
antigene oligos, RNAs, DNAs, peptides, proteins. 



While this osmotic delivery method does achieve delivery 
of substances into the cytosol of cells, nonetheless, the 
method generally used heretofore (Okada & Rechsteiner, 
Cell 29:33 (1982); McElligott & Dice, Bioscience Reports 
4:451 (1984); Rechsteiner, Methods in Enzymology 149:42 
(1987); Lee et al.. Cytometry 14:265 (1993); BioProbes, 
28:13 (1998)) is compHcated to use because of multiple 
steps with stringent time constraints. This presents difficul- 
ties when one wishes to deliver substances into multiple 

) samples of adherent cells, or into even a single sample of 
non-adherent cells. Further, delivery efEciencies are less 
than optimal and vary significantly between cell samples. 
Finally, contacting the cells with the hypotonic solution 
often causes losses in cell viability, with such viabilily losses 

> varying due to minor differences in experimental method 
and minor differences in time of exposure to the hypotonic 
solution. 

A related two-solution osmotic delivery method was 
reported by Chakrabarti et al. (The Journal of Biological 
) Chemistry 264:8214 (1989)). This prior-art two-solution 
osmotic delivery method suffers from various hmitations, 
including: it affords limited deHvery because of a sub- 
optimal poly(ethylene glycol) component, a sub-optimal 
treatment time, and use of a less effective and cumbersome 



carbohydrates, and combinations thereof, enter eucaryotic 25 volume of solution in the second step. Further, it is of little 



cells primarily via endocytosis and are subsequently seques- 
tered or degraded in lysosomes, with little of no intact 
substance achieving the desired entry into the cytosol of the 
cells. 

A variety of methods have been devised to deliver hydro- 
philic substances directly across the cytoplasmic membrane, 
including: complexing such substances with or incorporat- 
ing such substances within liposomes (CapaccioU et al., 
Biochem. Biophys. Res. Comm. 197:818 (1993)); contacting 

cells with such substances while generating transient pores 35 cytosol of living eucaryotic cells then prior- 
in the membrane with Streptolysin O (Spiller & Tidd, delivery compositions. 



commercial utility because the excessive volume of solution 
used in the second step effectively precludes its use with 
adherent cells and renders it inefficient and cumbersome fc 
extracorporal therapy. 

SUMMARY OF TOE INVENTION 



Accordingly, an object of the present i 
provide a novel osmotic deUvery composition which affords 
delivery of greater amounts of desired substances into the 



Antisense Res. & Dev. 5:13 (1995)) or by scraping adherent 
cells from a surface (Partridge et al., Antisense Nuc. Acid 
Drug Dev. 6:169 (1996)), or by treating cells with an 
amphiphilic peptide under acidic conditions (Pichon et al., a 
Antisense & Nuc. Acid Drug Dev. 7:335 (1997)); and, 
covalently attaching a special amphiphihc transport peptide 
or protein (Pooga et al., Nature BioTech. 16:857 (1998)) to 
the substance to be dehvered. 

In contrast lo the foregoing direct-entry approaches, only ' 
a few delivery methods have been reported which exploit the 
natural endocytotic route into cells as the first step toward 
cytosoUc dehvery. One such indirect method was devised by 
Summerton and Weller (Nucleosides Sl Nucleotides 16:1785 
(1997)), and entails covalent linkage of a molecular trans- : 
port engine to the substance to be delivered, said engine 
being powered by the pH differential between the late 
endosome and the cytosol. 

Another indirect method, which bears directly on the 
instant invention, is the three-solution osmotic delivery f 
method devised by Okada & Rechsteiner (Cell 29:33 
(1982)), which entails: 1) loading endosomes with an aque- 
ous hypertonic solution of sucrose and poly(ethylene 
glycol)- 1000 and the substance to be dehvered; followed by, 
2) exposure of the cells to a hypotonic solution to effect e 
release of the endosomal contents into the cytosol due to 
osmotic pressure generated within the endosome; and, 3) 
replacing the hypotonic solution with isotonic solution to 
n the cells to their normal metabolic st ~ ' 



Another object of the invention is to provide an osmotic 
delivery method utiHzing the osmotic delivery composition 
which affords more reproducible delivery of desired sub- 
stances into the cytosol of Uving eucaryotic cells than 
prior-art osmotic delivery methods. 

A further object of the invention is to provide an osmotic 
delivery method which is simpler and easier to use with 
multiple samples of adherent cells and with non-adherent 
cells than osmotic delivery methods previously used for this 
purpose. This object relates to improving the efiSciency of 
research with cultured cells and to reducing the cost and 
complexity of extracorporal therapies. 

The invention includes an osmotic delivery composition 
comprising a poly(ethylene glycol) component having a 
designated molecular weight in the range of about 300 to 
about 900 daltons, and a water-soluble membrane- 
impermeable carbohydrate component. 

In a preferred embodiment, the poly(ethylene glycol) 
component has a designated molecular weight of 600 and 
the carbohydrate component is sorbitol. 

The osmotic delivery composition may further be dis- 
solved in an aqueous medium. 

The aqueous solution of the osmotic delivery composition 
may further include one or more substances to be delivered 
into the cytosol of the cells. 

Also included in the invention is a method for osmotic 
delivery of substances into the cytosol of Hving eucaryotic 



delivery method is potentially very useful because it can 65 cells, said method comprising the steps of: 
routinely be used for delivering a broad range of substances a) contacting the cells with an aqueous solution of the 
into both adherent and non-adherent cells. osmotic delivery composition of the invention, which 
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further contains the one or more substances to be deliv- 
ered into the cytosol of the cells; followed by, 
b) adding cell culture medium. 

These and other objects and features of the invention will 
be more fully apparent from the following detailed descrip- 
tion of the invention and accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating the postulated PEG 
insertion complex in a lipid bilayer. 

FIG. 2 is a MALDI-TOF Mass Spectrum of PEG-1000. 
FIG. 3 is a graph showing relative cytosolic delivery as a 
function of the PEG size. 

FIG. 4 is a graph showing relative cytosolic delivery as a 
function of the carbohydrate species. 

FIG. 5 is a graph showing relative cytosolic delivery as a 
function of the concentration of the PEG Component. 
FIG. 6 is a graph showing relative cytosolic deUvery 



function of the 



glycol) chains which are appreciably longer than the thick- 
ness of the membrane are e:^ected to be less likely to form 
the postulated insertion complex because in aqueous solu- 
tion they are reported to preferentially form ordered sec- 

5 ondary structures wherein proximal ether oxygens are 
bridged by water molecules (Antonsen & Hoffinann, page 
26 in Poly(ethylene glycol) Chemistry, Biotech. & Biomed. 
Applic, Ed. J. Milton Harris, Pub. Plenum Press, New York 
(1992)). Membrane entry of these longer poly(ethylene 

10 glycol)s having such ordered secondary structures will be 
disfavored due to the energy cost associated with insertion 
of their hydrated structures into the lipid bilayer. 

In regard to this predicted most effective poly(ethylene 
glycol) length for cytosohc delivery, the lipid bilayer of 

15 endosomal membranes is typically about 36 A to 40 A thick 
in eucaryotic cells, and the repeating unit of poly(6thyl6ne 
glycol) ( — CH2 — CH2 — O — ) in its extended conformation 
is 3.75 A. Therefore, to span the endosomal membrane the 
poly(ethylene glycol) should contain about 10 or 11 repeat- 



of the Carbohydrate Compo- 20 ing units, ie., HO — (CH2 — CH2 — 0)„ — H, where n=10 o 



FIG. 7 is a graph showing relative cytosolic delivery as a 
function of the time of exposure to Osmotic Delivery 
Solution. 

FIG. 8 is a graph showing relative cytosolic delivery as a 
function of the relative volume of Cell Culture Mediimi. 

DETAILED DESCRIPTION OF THE 
INVENTION 

PEG Component: 

While a poly(ethylene glycol) component has been found 
to be necessary for effective cytosolic delivery by published 
osmotic delivery methods, no detailed mechanism has here- 
tofore been proposed for how the poly(ethylene glycol) 
component contributes to cytosolic delivery. 

After considering the properties of endosomal membranes 
and poly(ethylene glycol), applicants postulated that the 
poly(ethylene glycol) molecules form an insertion complex 
in the endosomal membrane, as illustrated in FIG. 1. As 
shown in this figure, the poly(ethylene glycol) molecules 1 
insert into the lipid layer of the endosomal membrane 2 
where said poly(ethylene glycol) chains exist in an extended 
conformation parallel with the fatty acid chains 3 of the 
membrane lipids. In such an insertion complex the poly 
(ethylene glycol) chain spans the endosomal membrane, 
with one hydrophilic hydroxyl terminus contacting the aque- 
ous endosomal compartment 4 and the other hydrophilic 
hydroxyl terminus contacting the aqueous cytosol 5. A high 
concentration of such poly(ethylene glycol) chains extend- 
ing through the interior of the Hpid bilayer is expected to 
render the interior of the membrane moderately hydrophilic 
and thereby substantially reduce the energy cost of disrupt- 
ing the hydrophobic interactions between the fatty acid 
chains, said interactions being largely responsible for the 
integrity of the membrane. 'ITius, the poly(ethylene glycol) 
is believed to render the membrane more easily disrupted by 
osmotic pressure which will develop when there is an influx 
of water into the hypertonic solution contained within the 
endosome of cells which have been exposed to said hyper- 
tonic solution. 

The above detailed model predicts that the most effective 
poly(ethylene glycol) would be one which just spans the 
endosomal membrane. This is because poly(ethylene glycol) 
chains which are shorter than the thickness of the membrane 



11. 

A poly(ethylene glycol) with 10 repeating units has a 
molecular weight of 459 daltons, and a poly(ethylene 
glycol) with 11 repeating units has a molecular weight of 
25 503 daltons. Commercially available preparations of poly 
(ethylene glycol) of a designated molecular weight value 
comprise a composite of molecules with a range of molecu- 
lar weights distributed about this designated molecular 
weight value. FIG. 2 shows a representative distribution of 
30 molecular weight species (each including a sodium ion used 
to effect ionization) of a representative poly(ethylene 
glycol)-1000 preparation (1000 being the designated 
molecular weight value) purchased from Aldrich Chemical 
Co., Milwaukee, Wis., and analyzed by Matrix Assisted 
35 Laser Desorption Time Of Flight mass spectroscopy. 

The postulated mechanism of action of the poly(ethylene 
glycol) component led to the prediction that the most 
effective poly(ethylene glycol) preparations would be those 
having the highest concentrations of poly(cthylene glycol)- 
40 459 and/or poly(ethylene glycol)-503. From typical distri- 
butions of poly(ethylene glycol) molecular weights about 
the designated molecular weight value we concluded that the 
commercially-available poly(ethylene glycol) preparations 
in about the 300 to 900 molecular weight range should be 
45 more effective for achieving cytosohc delivery than the 
poly(ethylene glycol)-1000 and poly(ethylene glycol)-1500 
components used in all prior-art osmotic delivery methods. 

Accordingly, a series of poly(ethylene glycol)s in a 
molecular weight range outside of that previously utilized 
so for prior-art osmotic delivery compositions was investi- 
gated. These non-prior-art poly(ethylene glycol) prepara- 
tions included the commercially-available poly(ethylene 
glycol) preparations having designated molecular weights 
of: 200, 300, 400, 600, and 900. For comparison, poly 
55 (ethylene glycol) preparations having designated molecular 
weights of 1000 and 1500 used in all reported prior-art 
osmotic delivery methods were also tested, as well as 
poly(ethylene glycol 2000. The method used in these tests is 
detailed in Example 1. The results, shown in FIG. 3, indicate 
60 that those poly(ethylene glycol) preparations having the 
highest concentration of species with a length optimal for 
spanning the endosomal membrane (ie., poly(ethylene 
^ycol)s having designated molecular weight values in the 
range of about 300 to about 900 daltons) are also the most 



e likely to remain in the aqueous phase because of 65 effective in achieving cytosolic delivery by the c 
the energy cost of inserting one hydrophilic hydroxyl into delivery method of the instant invention — with poly 
the interior of the lipid bilayer. Conversely, poly(ethylene (ethylene glycol)-600 affording the greatest activity. 
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Accordingly, the poly(ethylene glycol) component of the requirements, experimental results graphed in FIG. 4 indi- 

osmotic delivery composition of the invention, hereafter cate that simple non-sugar carbohydrates, such as erythritol 

designated the "PEG Component", is selected from poly (tetra-alcohol), xyhtol (penta-alcohol), and sorbitol (hexa- 

(ethylene glycol) preparations having designated molecular alcohol), and monosaccharides, such as ribose, glucose, 

weight values in the range from about 300 to about 900 5 fructose, and galactose, as well as water-soluble 

daltons. disacchaiides, such as sucrose, are effective for osmotic 

It is noteworthy that the poly(ethylene glycol)- 1000 and delivery of substances into the cytosol of cells, with sorbitol 

poly(ethylene glycol)-1500 utilized in all prior art osmotic and suCTOse being particularly effective, 

delivery compositions and methods are seen in FIG. 3 to be Additional caibohydrate components suitable for osmotic 

appreciably less effective in achieving cytosoUc deUvery deliveryof substances into the cytosol of cells can readily be 

than IS the PEG Component of the mstant mvention. identified by assessing prospective carbohydrates using the 

Carbohydrate Component: procedure detailed in Example 2. 

While the pnor art osmotic dehvery compositions utilize Accordingly, the carbohydrate component of the osmotic 

only sucrose for achieving high osmolarrty, as descnbed in composition of the invention, hereafter designated 

Example 2 the applicants have assessed the effectiveness of „^-' . . j . „ ... • 1 . j r 

a variety of carbohydrates for osmotic deUvery. The results, 15 ^^^'^^^^^T u l°T ' I trom tbosc 

shown in FIG. 4, suggest that high osmolality is preferen- carbohydrates which are both membrane impermeable and 

tially achieved by a carbohydrate (poly-alcohol) which ^ater soluble, as per the specifications above, 

satisfies the following criteria: Osmotic Dehvery Composition: 

a) membrane-impermeable; and, Based on studies of both the PEG Component and the 

b) water-soluble. 20 Carbohydrate Component, an improved osmotic deUvery 
Membrane-impermeable, as used herein, is defined as composition has been devised which is generally more 

having little membrane permeability over the period of effective than prior art osmotic dehvery compositions— 
about 8 to about 25 minutes during which time the osmotic which all contain PEG-1000 or PEG-1500. This improved 
delivery method takes place. This requirement for osmotic delivery composition of the instant invention, here- 
membrane-impermeability is based on the finding, as 25 after designated the "Osmotic Delivery Composition", corn- 
described in Example 2 with results shown in FIG. 4, that prises: 

low molecular weight alcohols, such as ethanol, ethylene a PEG Component having a designated molecular weight 

glycol, and to a lesser extent, glycerol, fail to achieve good value in the range between about 300 daltons and about 

cytosohc dehvery. This is beheved to be because these 900 daltons; and, 

alcohols pass through cell membranes sufficiently fast that 30 a Carbohydrate Component which is water-soluble and 

there is inadequate buildup of osmotic pressure within membrane-impermeable. 

endosomes to effect endosomal release of the substance to be Based on studies detailed in Examples 3 and 4, with 

delivered into the cytosol. Conversely, it has been found that results shown in FIGS. 5 and 6, the preferred mole ratio of 

poly-alcohols containing four or more alcohol moieties can the PEG Component to the Carbohydrate Component of the 

afford good cytosolic delivery and so satisfy this membrane- 3S Osmotic Delivery Composition is such that upon dissolution 

impermeable requirement. of the Osmotic Delivery Composition of the instant inven- 

Thus, the requirement that the carbohydrate component tion in an aqueous medium, the resulting concentration of 

be membrane-impermeable effectively precludes mono-, di-, the PEG Component is in the range of about 0.2 Moial to 

and tri-alcohols (eg., ethanol, ethylene glycol, and glycerol, about 1.0 Molal and the concentration of the Caibohydrate 

respectively), but includes poly-alcohols containing four or 40 component is in the range of about 0.5 Molal to about 2.5 

more alcohol moieties, as well as monosaccharides and Molal if water is the aqueous medium, or in the range of 

disaccharides. about 0.2 Molal to about 2.2 Molal if normal-saline or cell 

Water-soluble is defined in the context of this invention as culture medium is the aqueous medium, 

being soluble in aqueous solution at a concentration of at To achieve these respective concentrations the PEG Com- 

least about 0.2 Molal, and preferably about 1.0 Molal at 45 ponent of the Osmotic Delivery Composition comprises 

room temperature when normal saline or cell culture between about 8 Mole % and about 83 Mole %, and the 

medium is used as the aqueous solvent (normal saline or cell Carbohydrate Component compises between about 17 Mole 

culture medium contributes about 0.3 osmolality). % and about 92 Mole %. 

Alternatively, water-solubiUty should be at least about 0.5 A preferred Osmotic Delivery Composition has a PEG 

Moial for the carbohydrate component when just water is 50 Component comprising between about 15 Mole % and about 

used as the aqueous solvent, since in such case the aqueous 50 Mole % and a Carbohydrate Component comprising 

component does not contribute to the osmolality. This between about 50 Mole % and about 85 Mole %. 

requirement for water-solubility is based on the finding, as A particularly preferred Osmotic Delivery Composition 

described in a later section and detailed in Example 4 with comprises about 34 Mole % PEG-600 and about 66 Mole % 

results shown in FIG. 6, that effective cytosolic delivery 55 sorbitol, 

requires that the carbohydrate component be at least this Osmotic Delivery Solution: 

water soluble — ^presumably because resulting osmolalities at Before asing the Osmotic Delivery Composition it must 

least this high are required to generate sufficient osmotic be dissolved in an aqueous medium. One has great latitude 

pressure within the endosome to effect endosomal release of in selecting this aqueous medium, with the following giving 

the substance to be delivered into the cytosol. The require- 60 good results: water; normal saline (0.15 N NaCl); and, 

ment that the carbohydrate component have sufficient water commercially-available ceU culture media, with or without 

solubility to form an aqueous solution of at least about 0.2 added serum, such as can be purchased from Sigma Chemi- 

Molal effectively precludes relatively low-solubility carbo- cal Co., St. Louis, Mo. 

hydrates such as the disaccharide, lactose, as well as carbo- In regard to the concentration of the PEG Component in 

hydrates larger than disaccharides. 65 the aqueous solution of the Osmotic Delivery Composition, 

In regard to representative carbohydrates which satisfy Example 3 describes an experiment to assess the range of 

both the membrane-impermeable and water-soluble concentrations of the PEG Component which affords effec- 
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live cytosolic delivery of the co-dissolved one or more 
substances to be delivered into the cytosol of cells. The 
results of this study, graphed in FIG. 5, show that the PEG 
Component is effective at concentrations ranging from about 
0.2 Molal to about 1.0 Molal. 

In regard to the concentration of the Carbohydrate Com- 
ponent in the aqueous solution of the Osmotic Delivery 
Composition, Example 4 describes an experiment to assess 
the range of concentrations of the Carbohydrate Component 



8 



which affords effective cytosolic delivery of the lo Osmotic DeKvery Method: 



reintroducing the treated cells into the same individual or 
into a different individual, as described in greater detail in 
Example 8. 

Osmotic Delivery Solution With Desired Substances: 

In this invention, an Osmotic DeUvery Solution which 
also includes one or more Desired Substances to be deliv- 
ered into the cytosol of cells is designated the "Osmotic 
Delivery Solution With Desired Substances" of the instant 
invention. 



>r more substances to be delivered into the 
cytosol of cells. The results of this study, graphed in FIG. 6, 
show that when the aqueous medium is water the Carbohy- 
drate Component is effective at concentrations ranging from 



medium is normal-saline or cell culture medium (which 
contributes about 0.3 to the osmolality), it has been found 
that the Carbohydrate Component is effective at concentra- 
tions ranging from about 0.2 Molal to about 2.2 Molal. 

This relationship between the identity of the aqueous 
medium and the concentration of the Carbohydrate Com- 
ponent effective for cytosolic deUvery is illustrated in Table 




Most prior-art osmotic deUvery methods entail sequential 
treatment of the cells with three different solutions (Okada 
& Rechsteiner, 1982; McEUigott & Dice, 1984; Rechsteiner, 
u . n = -A;f , , . , . o c XX , , «ru u - - 1987; Lee et al., 1993; BioProbes, 1998). Such three- 

about 0.5 Molal to about 2.5 Mola . When the aqueous 15 solution delivery methods generally include the steps: 

menillm is nnrmal-snlinft nr fTP.il riimirp. mp.Hiiim (which ... . , . , , , , . . . 

1) contactmg the cells with a hypertonic solution contaimng 
poly(ethylene glycol)-1000 or -1500, sucrose, and the 
substance to be delivered into the cytosol of the cells, to 
load said substance into the endosomes of the cells; 

2) removing the hypertonic solution from the cells; 

3) contacting the cells with a hypotonic solution to effect 
release of said substance from the endosomes into the 
cytosol of the cells; 

4) removing the hypotonic solution from the cells; and, 

5) adding isotonic cell culture medium to the cells to return 
the cells to their normal metabolic state. 
Exposure of the cells to the hypotonic solution can cause 

loss of ceU viability, with the amount of viabihty loss being 
dependent on experimental technique and time of exposure 
to the hypotonic solution. 

In experiments with the Osmotic Dehvery Solution of the 
instant invention it was surprisingly discovered that effective 
delivery into the cyto.sol could be achieved without using the 
hypotonic solution — thereby avoiding viability losses 
incurred during exposure to hypotonic solution. This finding 
led to the development of the two-solution osmotic delivery 
method of the instant invention, hereafter designated the 
"Osmotic Delivery Method", which affords more delivery, 
greater simplicity, and reduced cell viability losses relative 
to the three-solution prior-art osmotic delivery method. This 
improved Osmotic Delivery Method utihzes only two solu- 
tions and requires only two steps, those being: 

1. contacting the cells with Osmotic Delivery Solution 
With Desired Substances; and, 

2. adding Cell Culture Medium (defined infra), which serves 
to: release the Desired Substances from the endosomes 
into the cytosol of the cells; dilute the Osmotic Dehvery 
Solution to a level where it has little or no detrimental 
effect on the cells; and, return the cells to their normal 
metabolic state. 

Below, the sequences of preferred steps are compared 
between the typical prior-art three-solution osmotic delivery 
method (Rechsleiner, 1987) and the two-solution Osmotic 
Delivery Method of the instant invention. 



Based on the results from the studies detailed in Examples 
3 and 4, an improved osmotic delivery solution has been 
devised which is generally more effective than prior art 
osmotic delivery solutions. This improved solution of the 
instant invention, hereafter designated the "Osmotic Deliv- 
ery Solution", is an aqueous solution comprising: 

a PEG Component in the concentration range between 
about 0.2 Molal and about 1.0 Molal; and, 

a Carbohydrate Component in the concentration range 
between about 0.2 Molal and about 2.5 Molal. 
Substances to be Dehvered Into the Cytosol of Cells: 45 

Substances which can be delivered into the cytosol of 
cells with the Osmotic Delivery Composition and the 
Osmotic Delivery Solution of the instant invention include 
substances used in a variety of research endeavors, as well 
as drugs used in extracorporal therapy. In this invention, any so 
and all substances which may be endocytosed into cells are 
encompassed in the term "Desired Substances". Particular 
Desired Substances deUverable by the instant invention 
include reporter-tagged molecules and complexes, drugs, 
antisense and antigene oligos, RNAs, DNAs, peptides, 55 
proteins, carbohydrates, and combinations thereof. Of par- 
ticular value is the delivery of antisense oligos, and particu- 
larly Morpholino antisense ohgos described by Summerton 
& Weller (Antisense & Nucleic Acid Drug Dev. 7:187 
(1997)). Such antisense oligos constitate tools for smdying 60 
the function and control of genes. Antisense ohgos are also 
useful for target validation in dmg development programs. 
Antisense oligos may also be used in extracorporal therapy 
for blocking the activity of one or more genes responsible 



Add 1 volume of hypertonic 
PEG-lOOO/sucrose solution 
to cells for about 10 minute: 



Remove hypertonic s 

for pathological processes in the treated cells. In this inven- 65 3. v!^"h mUs with 15 n 
tion extracorporal therapy refers to removing cells from an of hypotonic mcdiun 

individual, treating those cells outside the body, and then 



isotonic Cell Culture Medium 
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for a period of time between about 10 mimites and about 20 
minutes is particularly preferred, with 15 minutes being the 

most preferred. 

Cell Culture Medium: 

In the Osmotic Delivery Method of the instant invention 



4. Repeat cell wash with 15 to 25 isotonic or near-isotonic cell cultlire medium is added after 

volumes of hypotonic medium the cells have been exposed to the Osmotic Delivery Solu- 

5 Incubate cells for 2 minutes tion With Desired Substances for a suitable period of time, 
in hypotonic medium Xhis cell culture medium serves to: a) effect release of 

6 Remove hypotonic medium Desired Substances from endosomes to the cytosol of the 
7. Add i^to'nic cell culture medium cells; b) dilute the Osmotic Delivery Solution to a level 

to cells where it has little or no detrimental effect on the cells; and, 
—————— ^— —————— c) return the cells to their normal metabolic state and provide 

, . . , , . , J , , needed nutrients, growth factors, and buffering capacity. 

In the pnor-ait three-solution method losses mceU viabil- i„ principle, an acceptable osmolality for the mixture 
ity are commonly seen to occur m steps 3 throu^ 6 while 15 resulting from solutions added in step 1 and step 2 of the 

the cells are exposed to hypotonic solution It was found that q^^^jj^ Delivery Method can be obtained simply by adding 

m osmotic dehvery with the two-soluhon Osmotic^ ^ 2 a suitable volume of water to afford a final 

Method of the instant invention such viability losses are osmolaHty of the mixture in the range between about 0.3 and 

generally prevented. about 0.5. However, while this does afford the desired 
Whi e the pnor-art three-solution method and the instant ^ ^i^^^ „f endosomal contents into the cytosol of cells, it 

two-solution Osmotic Delivery Method both achieve cyto- j^jis effectively achieve the other requirements for the 

sohc dehvery, the Osmotic Delivery Method of the instant ^^j^j^^^ ^^^^ 2 of the method— those being: a) to 

myenUon provides the following advantages over the pnor- j^^j^ q^^^^^j^, Dehvery Solution to a level where it has 

art three-solution method: ...... little or no detrimental effect on the cells; and, b) to return 

The two-solution Osmotic Dehveo' Method achieves the ceUs to their normal metabolic state and provide needed 

greater delivery due to a more effective PEG Compo- „^,rients, growth factors, and buffering capacity. 

It has been found that adding a suitable volume of isotonic 

The two-solution Osmotic Dehvery Method is easier and near-isotonic ceU culture medium, hereafter designated 

nnore convenient to carry out, particularly when mul- (he "Cell Culture Medium", in step 2 of the Osmotic 

tiple samples of adherent cells or when non-adherent Dehvery Method best achieves the dual objectives of dilut- 



cells are to be treated. 



ing the Osmotic Delivery Solution and returning the cells tc 



The two-solution Osmotic Delivery Method gives more their normal metaboUc state. CommerciaUy-available cell 

consistent dehvery when multiple cell samples are culture media, such as are available from Sigma Chemical 

treated. Co., St. Louis, Mo. and other biological supply companies. 

When non-adherent cells are treated by the prior-art 35 are the preferred compositions for the Cell Culture Medium 

three-solution method multiple centrifugations are component of the Osmotic Delivery Method of the invention 

required. In the two-solution Osmotic Delivery Method because of the simplicity and versatility this affords, 

no centrifugations are required. This affords a great Example 6 describes an investigation of how to best 

saving in effort in cases where multiple samples are to achieve the dual objectives in step 2 of the Osmotic Delivery 

be treated. 40 Method of diluting the Osmotic Delivery Solution and 

The two-solution Osmotic Delivery Method of the instant returning the cells to their normal metabolic state. This 

invention is of particular benefit for extracorporal experiment entailed assessing the effectiveness of cytosolic 

therapeutic treatments, as described in Example 8, delivery as a function of the relative volume of Cell Culture 

where simplicity of procedure, maintenance of ceU Medium added in step 2 of the Osmotic Delivery Method, 

viability, and a modest final volume of treated cell 45 From these results, plotted in FIG. 8, and from other 

suspension for introduction into the patient are of prime experimental results it was concluded that at least about 5 

importance. volumes of CeU Culture Medium should be added in step 2 

Dehvery Time: of the Osmotic Delivery Method in order to avoid undue 

In regard to the length of time the cells should be exposed metabolic stress on the cells. Further, it has been found that 

to the Osmotic Delivery Solution With Desired Substances, so above a certain volume cytosolic delivery efficiency drops 

Example 5 details an experiment where cytosoHc delivery off with increasing volume of Cell Culture Medium added in 

was assessed as a function of the time the cells were exposed step 2. This decreasing efficiency, plus ease of use 

to the Osmotic Delivery Solution With Desired Substances considerations, led to selection of about 25 volumes of Cell 

before addition of cell culture medium. The results, shown Culture Medium as about the practical upper limit for the 

in FIG. 7, demonstrate that some delivery occurs with an 55 volume of Cell Culture Medium to be added in step 2 of the 

exposure of just 1 minute. However, exposure of the cells to Osmotic Delivery Method of the instant invention, 

the Osmotic Dehvery Solution With Substances for a period Thus, a preferred embodiment of the second step of the 

of time in the range between about 8 minutes and about 25 Osmotic Dehvery Method comprises: 

minutes is preferred, with about 15 minutes being most adding between about 5 and about 25 volumes of Cell 

preferred. 60 Culture Medium in step 2, relative to one volume of 

Thus, a preferred embodiment of the first step of the Osmotic Dehvery Solution With Desired Substances 

Osmotic Delivery Method comprises: added in step 1. 

contacting the cells with Osmotic Delivery Solution With It can be inferred from the graph of FIG. 8 that in step 2 

Desired Substances for a period of time between about addition of between about 6 and about 12 volumes of Cell 

8 minutes and about 25 minutes. 65 Culture Medium, relative to the volume of Osmotic Delivery 

As can be seen in the graph of FIG. 7, contacting the cells Solution With Desired Substances added in step 1, is par- 

with Osmotic Delivery Solution With Desired Substances ticularly preferred. 
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Preferred Composition and Method: 

Example 7 describes a representative application which 
illustrates the preparation of an Osmotic Delivery 
Composition, an Osmotic Delivery Solution, an Osmotic 
Delivery Solution With Desired Substances, and Cell Cul- 5 
ture Medium, and their use in the Osmotic Delivery Method 
of the instant invention. 
Extracorporal Therapy: 

Example 8 describes the preparation of an Osmotic Deliv- 
ery Composition, an Osmotic Delivery Solution, an Osmotic lO 
Delivery Solution With Desired Substances, and Cell Cul- 
ture Medium, and their use in the Osmotic Delivery Method 
of the instant invention for extracorporal therapy. 
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EXAMPLES 
Example 1 

Assessment of Cytosolic Delivery as a Function of 
PEG Molecular Weight 
A. Basis of Test System 

To assess for cytosolic delivery cells were used that were 
stably transfected with a plasmid (pLUC/705) which 
encodes a pre-messenger RNA construct comprising a 
mutant human beta-globin leader sequence joined to the 
amino acid coding sequence of firefly luciferase (Kang et al.. 
Biochemistry 37:6235 (1998)). The mutant leader sequence 
contains a mutation at base 705 in intron 2 that generates a 
new splice site which, in combination with a cryptic 
upstream splice site, results in a portion of intron 2 being 
retained in the spliced mRNA, where said portion of intron 
2 contains a termination codon. As a consequence, the 
resultant mutant spliced mRNA is not translated and so fails 
to produce luciferase. 

It has been demonstrated previously that Morpholino 
antisense oligos (Summerton & Weller, Antisense & Nucleic 
Acid Drug Dev. 7:187 (1997)) enter unperturijed cultured 
animal cells via endocytosis, and remain sequestered in the 
endosome/lysosome compartment indefinitely, with little or 
none entering the cytosol (Summerton et al., Antisense & 
Nuc. Acid Drug Dev. 7:63 (1997)). However, when a Mor- 
pholino antisense oligo targeted against the mutation at base 
705 of intron 2 is directly delivered into the cytosol/nuclear 
compartment of cells via scrape-loading (Partridge et al., 
Antisense & Nuc. Acid Drug Dev. 6: 169 (1996)), said oligo 
has been shown to be highly effective in blocking the mutant 
splice site, thereby correcting the splicing error. This, in turn, 
generates a correctly-spliced globin/luciferase mRNA that is 
translated to generate luciferase (Morcos, Methods in 
Enzymology, in press (1999)). This positive test system is 
particularly attractive for assessing the combination of cyto- 
solic delivery and cell viability because luciferase (readily 
assessed by adding luciferol and quantitating the resulting 
light emission in a luminometer) is only generated when: a) 
cytosolic delivery of the antisense oligo is achieved; and, b) 



S'-CCTCTTACCTCAGTrACAATTrArA-S', was prepared 
by GENE TOOLS, LLC, Cbrvallis, Oreg. 

C. Cells 

HeLa cells stably transfected with plasmid pLUC/705, 
coding for the above-described mutant globin/luciferase 
pre-mRNA construct, were provided by GENE TOOLS, 
LLC. The cells were cultured in DMEM/F12 with 10% FBS 
medium. 

D. Luciferase and Protein Assays 
Firefly luciferase in cell lysates w; 

in Promega publication # TBIOI using the Promega assay 
system. Catalog # E1500 (Promega Corp., Madison, Wis.). 
Protein from the cell lysates was quantitated using the 
BioRad protein assay reagent. Catalog #500-0006 (BioRad 
Corp., Hercules, Calif.). 
15 E. Assessment of Cytosolic DeUvery 

Approximately 2x10^ HeLa cells stably transfected with 
pLUC/705 were seeded into each well of a 24-weU plate (1.6 
cm well diameter) and incubated at 37° C. for 16 hours. 

i) Osmotic Delivery Compositions were prepared by adding 
20 0.4 g (1.17 milliMole) of sucrose to 0.3 g of each of the 

poly(ethylene glycol) preparations of the following des- 
ignated molecular weight values: 300, 400, 600, and 900. 
Related compositions were prepared by adding 0.4 g (1.17 
miUiMole) of sucrose to 0.3 g of each of the poly(ethylene 
25 glycol) preparations of the foUowing designated molecu- 
lar weight values: 200, 1000, 1500, and 2000. 

ii) Osmotic Delivery Solutions and related solutions were 
formed by adding 1 ml of water to each of the above 
compo.sitions and agitating until dissolution was com- 

30 Plete. 

iii) Osmotic Delivery Solutions With Desired Substances 
and related solutions with Desired Substances were 
formed by adding 20 microLiters of an aqueous 500 
microMolar solution of splice-corrector Morpholino anti- 
sense oligo to each of the above Osmotic Delivery Solu- 
tions and related solutions. 

iv) The Morpholino antisense oligo (Desired Substances) 
was introduced into the cytosol of the cells by the Osmotic 
Delivery Method and related method by: 

40 a) aspirating cell culture medium from the adherent cells 
in each well of the plate; 
b) adding to each well 0.15 ml of Osmotic Delivery 
Solution With Desired Substances or a related solution 
with Desired Substances and swirling briefly; 
45 c) incubating the culture plate at 37° C. for 10 minutes, 
with brief swirling at 5 minutes; and, 
d) adding to each well 1.5 ml of Near-lsotonic Cell 

Culture Medium (DMDM/F12 with 10% FBS). 
The amount of antisense oHgo delivered into the cytosol 
50 of the cells by this procedure was determined by incubating 
the cells in Ihe culture plate at 37° C. for an additional 16 
hours, after which the cells in each well were lysed and each 
lysate assayed for both luciferase and protein by methods 
described in section D of this Example. The relative 
• ■ ■ of 



the cells remain metabolically active and capable of 55 luciferase values, which are proportional to the 

transcription, nuclear processing, and translation. antisense oUgo delivered into the cytosol, were calculated by 

B. Materials dividing the light intensity by the quantity of protein deter- 

Sucrose was purchased from Aldrich Chemical Co., mined for the lysate from each sample well. Dividing the 

Milwaukee, Wis. Poly(ethylene glycol) (commonly referred light intensity by the protein value affords luciferase values 

to as PEG) preparations having designated molecular 60 normalized to ceU number. This normalization process fac- 

weights ranging from 200 to 2000 were purchased from tors out variations in well-to-well cell plating densities, as 

Aldrich Chem. Co., Milwaukee, Wis. An additional prepa- well as variations in cell numbers due to other factors, 

ration of poly(ethylene glycol)-600 was purchased from The results, graphed in FIG. 3, indicate that under the 

Arcos/Fisher Scientific, Pittsburgh, Pa. Cell culture medium conditions of this experiment PEGs in the molecular weight 

DMEM/F12 with 10% FBS (Catalog #10-092-CV) was 65 range between about 300 and about 900 daltons provide the 

purchased from Mediatech,Herndon,Va. The 25-mer splice- best cytosolic delivery, with PEG-600 being particularly 

corrector Morpholino antisense oligo, having the sequence: effective. 
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Example 2 i) Osmotic Delivery Compositions were prepared by adding 

„ „ . o varying portions of sorbitol to 0.3 g (approx. 0.5 

It of Cytosohc Delivery as a Function of milUMole) of PEG-600, where the sorbitol portions 

Carbohydrate Species included: 0 g, 0.018 g (0.10 milliMole), 0.036 g (0.20 

Cytosolic delivery of a splice-corrector Morpholino anti- s milliMole), 0.073 g (0.40 milliMole), 0.127 g (0.70 

sense oligo was assessed as in Example 1, with the following milliMole), 0.182 g (1.0 milliMole), and 0.237 g (1.3 

changes: miUiMole) 0.291 g (1.6 milliMole), 0.328 g (1.8 

^ Osmotic Delivery Compositions and related compositions milliMole), 0.364 g (2.0 milliMole), 0.400 g (2.2 

were prepared by adding 1.17 milliMole of respective milliMole), and 0.437 g (2.4 milliMole). 

carbohydrate to 0.3 g (approx. 0.5 milliMole) of PEG- 10 Osmotic Delivery Solutions and Osmotic Delivery Solu- 

600; where the carbohydrates included: the non^ugar tions With Desired Substances were prepared as in Example 

poly-alcohols ethylene glycol, glycerol, meso-erythritol, 1 using the above Osmotic Delivery Compositions, 

xylitol, and sorbitol; the monosaccharides ribose, glucose. The splice-corrector Morpholino antisense oligo was 

fructose, galactose, and mannose; and the disaocharide introduced into the cells by the Osmotic Delivery Method as 

sucrose. These carbohydrates were purchased firom Aid- 15 in Example 1, and the amount of antisense oligo delivered 

rich Chem. Co., Milwaukee, Wis. into the cytosol of said cells was also calculated based on 

Osmotic Dehvery Solutions and related solutions, and relative luciferase values determined as in Example 1. 

Osmotic Delivery Solutions With Desired Substances and The results, graphed in FIG. 6, indicate that under the 

related solutions with Desired Substances were prepared as conditions of this experiment the Carbohydrate Component 

in Example 1 using the above Osmotic Delivery Composi- 20 at concentrations ranging &om about 0.5 Molal to about 2.5 

tions and related compositions. Molal provide effective cytosolic delivery, with concentra- 

The Morpholino antisense oUgo was introduced into the tions of about 1.0 to about 2.0 being particularly effective, 

cells by the Osmotic Delivery Method and related method as In other experiments where normal sahne (contributing 0.3 

in Example 1. The amount of antisense oligo delivered into to the osmolaUty) was used as the aqueous medium for 

the cytosol of said cells was calculated based on relative 25 making the Osmotic Delivery Solution With Desired 

luciferase values determined as in Example 1. The results. Substances, the Carbohydrate Component at concentrations 

graphed in FIG. 4, indicate that under the conditions of this ranging firom about 0.2 Molal to about 2.2 Molal provided 

experiment the tested carbohydrates having greater than similar cytosolic delivery, 
three hydroxyls provide effective cytosolic delivery, with 

sucrose and sorbitol being particularly effective. 30 Example 5 

Example 3 Assessment of Cytosolic Delivery as a Function of 

^ ,. „ . . Time of Exposure to Osmotic Delivery Solution in 

Assessment of Cytosolic Dehvery as a Function of g, ^ q^^^jj^ Delivery Method 
the Concentration of the PEG Component 

CytosoKc delivery of a splice-corrector MorphoUno anti- . Cytosolic dehvery as a function of the duration of ttie fl^t 

;e oligo was assessed as in Example 1, with the following ^'^P °\ "^f "^""^ ^'^ "^^^^^ «^ 

Example 1, excepting: 



changes. 



i) Osmotic Delivery Compositions were prepared by adding a) the Osmotic Delivery Composition comprised 0.212 g 

1.2 milUMole (0.218 g) of sorbitol to varying portions of (117 milhMole) of sorbitol and 0.3 g (approx. 0.5 

PEG-600, said portions including: 0 g, 0.03 g (approx. milliMole) of PEG-600; and, 

0.05 milliMole), 0.06 g (approx. 0.10 milliMole), 0.12 g b) in the Osmotic Delivery Method the cells were exposed 

(approx. 0.20 milliMole), 0.21 g (approx. 0.35 to the Osmotic Delivery Solution With Desired Sub- 

milliMole), 0.30 g (approx. 0.50 milliMole), and 0.39 g stances for varying limes, including: 1 minute, 5 

(approx. 0.65 milliMole),0.48 g (approx. 0.80 milliMole), minutes, 7.5 minutes, 10 minutes, 12.5 minutes, 15 

0.54 g (approx. 0.90 milliMole), and 0.60 g (approx. 1.0 minutes, 20 minutes, and 25 minutes. 

milliMole). The results, graphed in FIG. 7, indicate that under the 

Osmotic Delivery Solutions and Osmotic Delivery Solu- conditions of this experiment effective cytosolic delivery is 

tions With Desired Substances were prepared as in Example achieved with exposure times ranging from about 8 minutes 

1 using the above Osmotic Delivery Compositions. to about 25 minutes, with particularly good delivery being 

The splice-corrector Morpholino antisense oligo was achieved with an exposure time of 15 minutes, 
introduced into the cells by the Osmotic Delivery Method as 

in Example 1, and the amount of antisense oligo delivered Example 6 

into the cytosol of said cells was also calculated based on ^ . c . ^^ i- tt..- e 

relative luciferase values determined as in Example 1. „ Assessment of Cytosolic Dehvery as a Ftinchon of 

Hie results, graphed in FIG. 5, indicate that under the " ^^"^^ ^ell Culture Medium Added m Step 2 

conditions of this experiment the PEG Component at con- Delivery Method 

centrations ranging from about 0.2 Molal to about 1.0 Molal Cytosolic delivery as a function of the volume of Cell 

provide effective cytosolic dehvery, with about 0.5 Molal to Culture Medium added in step 2 of the Osmotic Delivery 

about 0.9 Molal being particularly effective. Method was assessed as in Example 1, excepting: 

Example 4 *® Osmotic Delivery Solution comprised 0.212 g (1.17 
milliMole) of sorbitol and 0.3 g (approx. 0.5 milliMole) 

Assessment of Cytosolic Delivery as a Function of of PEG-600 in 1 ml of water; 

the Concentration of the Carbohydrate Component (,) in the first step of the Osmotic Dehvery Method the 

Cytosolic delivery of a splice-corrector MorphoUno anti- 65 cells were contacted with 0.15 ml of the Osmotic 

sense oligo was assessed as in Example 1, with the following Delivery Solution With Desired Substances for a period 

of 15 minutes; and. 
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c) in the second step of the Osmotic Delivery Method 
varying volumes of Cell Culture Medium (DMEM/F12 
with 10% FBS) were added, including: 0.6 ml, 0.9 ml, 
1.2 ml, and 1.5 ml, corresponding to 4 volumes, 6 
volumes, 8 volumes, and 10 volumes, respectively, s 
with respect to the 0.15 ml volnme of Osmotic Delivery 
Solution With Desired Substances added in step 1 of 
the Osmotic Delivery Method. 
The results, graphed in FIG. 8, indicate that under the 
conditions of this experiment at least about 5 volumes of 10 
Near-Isotonic Cell Culture Medium is required to provide 
effective cytosoUc delivery, with about 6 to about 10 vol- 
umes affording particularly good delivery. 



Sixteen hours later, cytosolic delivery of the MorphoUno 
antisense oligo was confirmed by the presence of substantial 
amounts of luciferase in the cells, quantitated as in Example 



Example 7 

Preferred Osmotic Delivery Composition and 
Osmotic Delivery Method 

Cytosolic delivery of a splice-corrector MorphoUno anti- 
sense oligo was carried out as described below to demon- 
strate a prefened composition, preferred solutions, and a 
preferred method of the instant invention. 

Osmotic Delivery Composition was prepared by mixing 
1.3 miUiMole of sorbitol and 0.4 g of PEG-600. 

Osmotic Delivery Solution was prepared by adding 0.98 
ml of water to the above composition. 

Osmotic Delivery Solution With Desired Substances was 
prepared by adding to this Osmotic Delivery Solution 20 
microLiter of a 500 microMolar aqueous solution of the 
splice-corrector Morpholino antisense oligo of Example 1. 
A. Adherent Cells 

HeLa cells were plated in the wells of a 24-well plate as 
in Example 1. Sixteen hours later cell culture medium was 
removed from the weUs and 0.13 ml of Osmotic Delivery 



Cytosolic Delivery by Osmotic Delivery Method in 
Extracorporal Therapy 

Autologous extracorporal therapy is a process where: a) 
cells are removed from a patient (cell donor); b) the cells are 
treated to block the activity of one or more genes responsible 
for pathological processes occurring within those cells, or to 
selectively kill only the diseased cells; and; c) the treated 
15 cells are reintroduced into that patient (cell recipient). Typi- 
cally while said cells are out of the patient, the patient is 
treated by radiotherapy and/or chemotherapy sufficient to 
kiU all of the cells remaining within the patient of the cell 
type (commonly bone marrow cells) involved in the patho- 
'^'^ logical process affecting the patient. 

A related heterologous extracorporal therapy can also be 
carried out where normal cells from a donor (cell donor) are 
treated (such as with biologically-stable Morpholino anti- 
sense otigos) to render the cells immime to some pathologi- 
cal process (such as infection with the HIV virus). The 
treated cells are then introduced into a tissue-matched 
patient (cell recipient) suffering from said pathological pro- 

3Q FoUowing are procedures which can be used for such 
extracorporal therapies. Bone marrow cells are obtained 
from the iliac crest of the cell donor by methods known in 
the art (Schwartz, Int. J. Cell Cloning 7:360 (1989)). Cells 
withdrawn from the marrow of the bone are separated o: 



Solution With Substances was "added to each well and the 3S Ficoll-sodium tJiatrizoate gradient (LSM; OrganonTeknika 



plate swirled briefly and then placed in a 37° C. incubator. 
After 7 minutes the plate was again swirled briefly and 
replaced in the incubator. Fifteen minutes after addition of 
the Osmotic Delivery Solution With Desired Substances 1.0 
ml of CeU Culture Medium (DMEM/F12 with 10% FBS) 
was added to each weU and the plate swirled thoroughly and 
replaced in a 37° C. incubator. 

Sixteen hours later cytosolic delivery of the Morphofino 
le oligo was confirmed by the presence of sutetantial 
Is of luciferase ' ' ' " • . • — 



Corp, Durham, N.C.), and those cells with a density of about 
1.077 g/ml are isolated and washed three times with DMEM 
cell culture medium containing 10% heat-inactivated FBS. 
The cells are pelleted briefiy in 50 ml conical centrifuge 
tubes and the supernatant aspirated oft". Filter-sterilized or 
autoclaved Osmotic DeHvery Solution With Desired Sub- 
stances (where said Desired Substances are suitable for 
treating said cells) having a volume of about 10 times that 
of the cell pellet, is added to the cells and the tube agitated 



the cells, quantitated as in Example 45 briefly to resuspend the cells and then incubated at 37° C. 

After 15 minutes 8 volumes (relative to the volume of added 



B. Non- Adherent Cells 

Approximately 10" Hela ceUs stably transfected with the 
pLUC/705 plasmid were seeded into each 3.5 cm diameter 
weU of a 6-weU plate and allowed to grow overnight. The so 
next day medium was removed and the cells were released 
from all 6 wells of the plate with 0.25% trypsin-EDTA 
medium. The cells were pooled in a 15 ml centrifuge tube 
and peUctcd by brief ccntrifugation. The trypsin-EDTA 
medium was aspirated off from the cell pellet and the cells 55 
resuspended in 2.4 ml of DMEM/F12 medium. 0.1 ml 
portions of this cell suspension were transferred to 1.5 ml 
microfuge tubes and centrifuged briefly to pellet the cells. 
The medium was aspirated off and 0.13 ml of the Osmotic 
Dehvery Solution With Desired Substances added to each 60 
cell pellet. The cells were resuspended by brief agitation and 
then incubated for 15 minutes at 37° C. Next, 1.0 ml of Cell 
Culture Medium (DMEM/F12 vsdth 10% FBS) was added to 
each tube, the tube agitated briefly, and then the cell sus- 
pension from each tube was transferred to a 1.6 cm diameter 65 
well of a 24-weU plate and the plate placed in a 37° C. 
incubator. 



Osmotic Delivery Solution With Substances) of Cell Culture 
Medium (DMEM cell culture medium) is added to the cell 
suspension and the preparation is incubated in cell culture 
flasks for 2 hours at 370° C. with 5% CO2. This suspension 
of treated cells is then introduced into the ceU recipient. 
What is claimed is: 

1. A method of extracorporal therapy comprising: 

a) removing cells from an individual; 

b) introducing desired substances into the cytosol of said 
cells by an osmotic delivery method which includes 
contacting the cells with an osmotic delivery solution 

of 

a poly(ethylene glycol) component having a desig- 
nated molecular weight in the range between 
about 300 and about 900 daltons and 

a carbohydrate component which is water-soluble 
and membrane-impermeable 

said components dissolved in aqueous medium to 
give a solution having a polyethylene glycol) 
concentration in the range between about 0.2 
Molal and about 1.0 Molal, and a carbohydrate 
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concentration in the range between about 0.2 
Molal and about 2.5 Molal, and 
said solution further inchiding one or more desired 
substances to be delivered into the cytosol of the 
cells; 
followed by, 

adding cell culture medium; 
and then, 

c) introducing said treated cells into the same individual 
or a different individual. 

2. The method of extracorporal therapy of daim 1 
wherein one or more of the desired substances to be deliv- 
ered into the cytosol of cells include at least one antisense 
oligo. 
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3. The method of extracorporal therapy of claim 2 
wherein at least one desired substance is a morpholino 
antisense oligo. 

4. The method of claim 1 wherein the poly(ethylene 
glycol) component is PEG-600 with a molecular weight of 
about 600 daltons. 

5. The method of claim 1 wherein the carbohydrate 
component is sorbitol. 

6. The method of claim 4 wherein the PEG 600 is present 
^ in a concentration of about 0.4 gram per milliliter of water. 

7. The method of claim 5 wherein the sorbitol is present 
in a concentration of about 1.3 molal. 
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The formation of dehydroluciferin (L) 
from luciferin (LHj) in the reaction 
catalyzed by firefly luciferase (EC )> All tables 

1.13.12.7) has been studied. The 

E LH2-AMP complex may follow two different pathways: towards production 
of light and towards the synthesis of the E L-AMP complex. This last step 
has an Inhibitory effect on light emission as molecules of the enzyme are 
trapped In a light unproductive complex. The effects of CoA and nucleoside 
5-triphosphates (NTPs) on light emission are quantitatively different. CoA 
combines with the L moiety of the E L-AMP complex, yielding L-GoA, 
promoting liberation of free luciferase, and increasing light yield. NTP reacts 
with the AMP moiety of the same complex, generating adenosine(5') 
tetraphospho(5')nucleoslde (Ap^N) and, probably, the E L complex and 
scarcely Increasing light production. The results are discussed in relation to 
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previous reports, by others, on luciferase. 
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